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HIGH ENERGY nN PHASE SHIFT ANALYSIS 
G. Hohler 
Institut ftir Theoretische Kernphysik, Universitat Karlsruhe, Germany 
ABSTRACT 
We give a summary of recent work on nN phase shift analysis above 
2 GeV/c lab. momentum. In particular we discuss improvements of 
the "1978 Karlsruhe-Helsinki solution" and problems with discre-
pancies between experimental data. 
I . INTRODUCTION 
In the mass range up to about 2 GeV the most important nucleon resonances have been 
discovered in the phase shift analyses of the CERN 1 and Saclay2 groups (1967-73). However 
their method led to increasing difficulties at higher momenta, in particular because of 
the sharp cut-off of the partial wave expansion and the "shortest path method" for the 
continuation in energy. 
3-5 In more recent phase shift analyses the sharp cut-off has been replaced by a soft 
one, using convergence test function methods. Furthermore the continuation in energy is 
performed by imposing analyticity constraints. 
5 Cutkosky et al. chose analyticity along certain hyperbolas in the Mandelstam plane. 
At present this group has just completed the analysis in the mass range 1.35 - 2.16 GeV 
and it can be expected that they will proceed to higher momenta in the near future. 
Pietarinen preferred fixed-t analyticity3 which has also been used in investigations 
of our group6 • The results of our subsequent collaboration are described in Ref. 4 
The choice of the fixed-t analyticity constraint has the advantage that crossing 
symmetry is taken into account and that data are available in the large momentum interval 
2 from threshold up to 200 GeV/c. The t-range is limited to ltl < 0.5 GeV by the condition 
for the convergence of the Legendre expansion, but it turns out that the uncertainty does 
not increase too much if one extends the range to about I GeV2 . Together with isospin in-
variance this analyticity constraint for all invariant amplitudes is strong enough to lead 
to a unique solution.+) 
Originally fixed-t analyticity has been expressed in terms of dispersion relations 9 • 
But for numerical work it is much more convenient to use an expansion method which has 
been developed by Pietarinen in Ref. 3 At first I had doubts whether one can perform 
accurate calculations on a computer with a power series which has about 60 terms, but a 
comparison with the evaluation of dispersion integrals and the study of a case where the 
result can be expressed analytically convinced me that this method is reliable. 
+) A special problem occurred with the new Rutherford data for charge-exchange differential 
cross sections and polarizations7. We found that these data cannot be well fitted to-
gether with the other data and the analyticity constraints and that the difficulty is 
not due to a violation of isospin bounds. A similar observation was made by Cutkosky 
et al.5 who used a different method. See also the discussion of these data in Ref. 8 • 
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However, there is one case in which dispersion relations are useful in addition to 
the expansion. If data above the resonance region are analysed, an acceptable solution 
should have amplitudes which approach a well-defined asymptotic behaviour. Since reliable 
theoretical predictions are not known, one has to assume different models with adjustable 
parameters. I think that dispersion relations are well suited for this part of the analysis. 
The result can then be used in order to incorporate the high energy behaviour in the ansatz 
for the expansion. 
Several authors have claimed that the analytic properties which are embodied in dis-
persion relations can equally well be implemented by writing "derivative analyticity re-
lations" which can be handled more easily 10 • However it has been shown that this method is 
reliable only at very high energies, where it is essentially equivalent to the well-known 
"analytic parametrizations" of other authors. It is hard to see how it can be useful in 
the resonance region, and even at 10 GeV/c it could happen that effects which are "non-
1 • 11 • bl 11 loca in energy are apprecia e 
In his first attempt to analyse the data up to 10 GeV/c Pietarinen 12 omitted the large 
angle and backward data <ltJ > 3 GeV2), showing that one can nevertheless derive fairly 
accurate results for the partial waves as long as the angular momentum is not too large. 
Our more recent calculations include data at all angles 4 
At present we are performing a new analysis in the high energy region which takes 
into account the large data set of Jenkins et al. 13 • It covers the angular region 
I cos 0 I .:S.. 0.35 at 2 - 9.7 GeV/c (n-p) and 2 - 6.3 GeV/c (n+p) respectively and represents 
cm 
a major improvement of the experimental information. Furthermore we have just received the 
new charge-exchange data of Miyake et al. 14 at 2 - 3 GeV/c which will also be very helpful. 
Before discussing details and results of our work, I would like to mention the work 
of other authors in this field. 
E. Ferrari 15 has investigated the high energy behaviour of the partial waves up to 
10 GeV/c, starting from the invariant amplitudes of Hecht et al. 7 and from the "Karlsruhe-
4 Helsinki 1978" solution (Ref. ) • 
· d 16 f · . 4 I . h 1 f I. Pierrar per ormed an amplitude analysis at 0 GeV c, using t e resu ts o 1is group 
for the polarizations and for the spin-rotation parameters. Furthermore he extended the 
work of Hecht et al. 7 to this energy. It turned out that he was not able to fit the spin-
rotation parameters at It I > 0.2 GeV
2 
with this method. Since we noticed a similar diffi-
culty, we shall pay special attention to this question in our new analysis. 
A. llendry's phase shift analysis 17 in the range 1.6 - 10 GeV/c makes use of a model 
based on the impact parameter representation in a first step. Then the fit is improved by 
varying the phase shifts in the neighborhood of this solution. In general his Argand dia-
grams look similar to ours. It will be of interest to check whether his invariant ampli-
tudes are compatible with the analyticity constraints. 
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A similar remark applies to the phase shift analysis of D. Chew 18 for all ;/p data in 
19 the range 0.6 - 2.3 GeV/c. She used a method proposed by E. Barrelet . It starts with a 
determination of the zero trajectories of the transversity amplitudes from the experimental 
data. The result is then used in an ansatz for the angular dependence of the phase of the 
transversity amplitude at fixed energy. In some cases her results for the nucleon re-
sonances show large deviations from those of other authors 4•5 • For the discussion of this 
discrepancy it will be of interest to compare her zero trajectories with those derived from 
4 5 the phase shifts of Refs. ' and to check, whether the invariant amplitudes reconstructed 
from her phase shifts are compatible with our analyticity constraints. 
We have also studied zero trajectories in detai120 , because their simplicity (in the 
case of invariant amplitudes) is an interesting information for attempts to formulate a 
model for pion-nucleon scattering. Furthermore strong fluctuations in zero trajectories 
in a certain energy range indicate that the phase shift solution is not satisfactory. 
2. STATUS OF NUCLEON RESONANCES ABOVE 2 GeV 
As mentioned above a large number of new experimental data has become available only 
+ 13 
very recently. Up to now we have only included the n p data of Jenkins et al. below 
5 GeV/c. Our results are still preliminary and we have not yet made an attempt to redeter-
mine the masses and widths. 
A-resonances: A(2416) is a well-established resonance not only because of its Argand dia-
gram but also because it gives the main contribution to a pronounced bump in the total cross 
section. There is in addition a much weaker effect A(2468) G39, of which the mass is not 
yet well determined. The best candidates at higher momenta are A(2990) K3,13 and A(2794) 
I3,13, which contribute to the small enhancement of the total cross section at 2850 MeV. 
Finally there are weaker resonance-like effects in 13,17, where the real part becomes zero 
near 3200 MeV, and in M3,19. 
A comparison with Hendry's table 17 shows an approximate agreement with his Ti+ re-
sonances. But at the position of his Ti- resonances our solution shows at most some wiggles 
(for instance in K3,13) but no significant resonance structures. 
D. Chew18 found a D33 resonance A(2173). In this region we see no significant 
structure, whereas Cutcosky et al. 5 list a very weak effect at 2010 ± 100 MeV. 
N-resonances: Since our "1978" solution has not yet been updated, I shall only mention that 
17 there is an approximate agreement with Hendry's table up to a mass of 3 C,eV, except for 
DIS, where we find in addition a two star resonance N(2228). 
Of course the main question is whether the above structures in the Argand diagrams 
are really belonging to resonances poles of the amplitudes. Otherwise it would not make 
sense to compare the "resonance parameters" with the predictions for the excited states of 
the nucleon from quark models, as it is being done for instance in Refs. 21 
First one can see that, starting with the ideal case of A(l233), the Argand dia-
4 22 grams ' show a continuous variety of "resonance circles" which finally leads to the small 
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wiggles of K3,13 etc. This is expected, since the resonances become more and more inelastic 
at higher energies. 
However one should also notice the followinp, effect. The curves for Im TH start to 
rise at a certain energy, which is higher for higher R., and finally they approach an almost 
constant behaviour, sometimes after having a peak. 0ualitatively this pattern follows froll' 
the fact that, above I - 2 GeV/c, the data show a diffraction peak which depends only 
slowly on energy, i.e. it is a geometrical effect. It can be calculated in a simple way, 
if one assumes an exponential shape for the imaginary part of the non-flip amplitude, which 
dominates the diffraction peak23 • 
The projection of the non-flip amplitude pives for each R. only a combination of two 
partial waves and one has to insert information on the spin-flip amplitude, if one wants to 
obtain each partial wave separately. This makes some of the Im TH steeper and others 
flatter and it pushes some of the Re TR.± to the positive side, althoufh the general back-
ground at high energies is negative (for isospin 3/2). Since the spin-flip amplitude can 
be determined completely only if one has not only polarization data but also spin-rotation 
data, the accuracy would be improved if a new spin-rotation experiment would be carried out 
in a suitable kinematical region. 
Even if the increase of Im TR.± comes from geometrical reasons, it could produce a 
resonance-like variation of the real part, if it is rapid enough. This follows from the 
24 partial wave dispersion relation (see also Ref. ). 
Fig. I shows some results of our partial wave analysis. 
3. DETERMINATION OF nN AMPLITUDES ABOVE THE RESONANCE REGION 
In Ref. 4 we have presented the results of our earlier work in this field, which are 
based on fits of the data to invariant all'plitudes constrained by fixed-t analyticity. At 
present we are working on an improved version, in which we spend a greater effort in 
d . d. . b d' 25 stu y1ng iscrepanc1es etween ifferent data sets 
26 We noticed that the new CERN Coulomb interference data of Burq et al. do not join 
smoothly with the Fermilab data which start at slightly larger !ti values (Fig. 2). A 
study of the t-dependence of the logarithmic slopes b(t) (Fig. 3) showed that both data 
sets can be connected by a smooth curve, i.e. a possible reason for the discrepancy is a 
renormalization error of the Fermilab data27 • Unfortunately it turns out that one needs a 
renormalization of II % for the 50 GeV/c data of Ayres et al. 27 , although the estimate of 
the authors for the systematic error is 3 %. The 50 GeV/c data of Akerlof et al. 27 require 
a renormalization of 15 %. 
30 We have also reanalyzed the Coulomb interference data of Foley et al. , inserting 
the prediction for the real part from our evaluation of the dispersion relation and solving 
for the forward slope b(O) and a possible renormalization factor. We find renormalizations 
of the order of 5 % and appreciably smaller values of b(O) than the authors. 
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The shape of b(t) at small ltl shows an unexpected increase which is enforced by the 
26 data of Burq et al. It is of great interest in connection with models for diffraction 
scattering, since one expects a contribution from the cut which starts at t = + 0.08 Gev 2 • 
Finally we have written the differential cross section in terms of the invariant 
amplitudes C and A, using the fact that the contribution of A is negligible at hieh 
6 
energies in our t-range This allows us to determine the imaginary part of the amplitude 
C =A', taking the real part from an evaluation of the dispersion relation. It turns out 
that Im C(s,t)/Im C(s,O) has a small momentum dependence in the large interval from 3 to 
175 GeV/c (Fig. 4). This is related to the fact that the loearithmic slope b(t) in the 
interval 0.2 < !ti < 0.5 GeV2 is constant within the errors in the range 6 - 140 GeV/c (no 
shrinkage) (Ref. 25 ). 
The analysis of the nN charge exchange data has usually led to the conclusion that 
reggeized p-exchange is strongly dominating. A small difficulty lies in the fact that the 
intercept a (0) = 0.481 ± 0.004 is somewhat different from the same quantity as determined p 
from the difference of the total n±p cross sections: a (0) = 0.54 ± 0.03. p 
28 29 Following a remark by Bourrely et al. , Borie and Jakob have recently calculated 
the electromagnetic corrections to the invariant amplitude B for elastic scattering. It 
turns out that the corrections are appreciable at 40 GeV/c and that they are increasing 
relative to the hadronic amplitude with energy. If the elastic polarization data are in-
cluded together with the charge-exchange data for an analysis of the isospin odd amplitude, 
as it is usually done, the previously neglected electromagnetic corrections lead to diffi-
culties with the simple p-exchange model which need further attention. 
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Fig. l Our preliminary result for the result for the partial wave K3,15. The s-dependence 
at fixed t of the TI+p data of Jenkins et al. 13 shows at some t-values pronounced structures 
in the region of this resonance. 
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